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A method of and an apparatus for converting a frame rate 
using time shifting and motion compensation. The frame 
rate converting method includes calculating an average 
motion vector magnitude between every tWo adjacent 
frames among a predetermined number of frames input in 
series determining a frame section corresponding to a maxi 
mum value among the average motion vector magnitudes 
calculated every tWo adjacent frames and generating a neW 
frame by performing motion compensation, to Which a 
predetermined proportion is applied, in the frame section 
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METHOD AND APPARATUS FOR 
CONVERTING FRAME RATE USING TIME 
SHIFTING AND MOTION COMPENSATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority of Korean Patent 
Application No. 2003-71431, ?led on Oct. 14, 2003 in the 
Korean Intellectual Property O?ice, the disclosure of which 
is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image signal convert 

ing apparatus and method, and more particularly, to a 
method of and an apparatus for converting a frame rate using 
time shifting and motion compensation. 

2. Description of the Related Art 
Commonly, a frame, which is one image picture, is made 

up of minimum picture elements, each picture element 
called a pixel. Resolution is determined according to the 
number of pixels included in the frame. A frame having a 
maximum resolution of 1,920><1,080 is 1,920 pixels wide 
and 1,080 pixels long. A frame rate is the number of frames 
transmitted per second. When an image signal such as a TV 
signal is transmitted, an appropriate number of frames per 
second are transmitted on the basis of the eyesight charac 
teristics of a human body. 
A frame rate of a ?lm image signal produced for showing 

a movie is commonly 24 frames per second (fps). However, 
a frame rate of an National Television System Committee 
(NTSC) standard image signal is 30 fps. Therefore, the 
frame rate of the ?lm image signal must be expanded into 30 
fps (60 ?elds per second) for applying to an NTSC standard 
format. 

FIG. 1 illustrates a conventional frame rate converting 
method suitable for converting a 24 fps digital image signal 
into a 30 fps digital image signal. 

Referring to, FIG. 1, each of 24 input frames F1, F2, F3, 
F4, . . . , P24 is divided into a top ?eld f1 and a bottom ?eld 

f2. New frames F1, F2, F3‘, F4‘, F5 . . . , F30 are generated 
using the top ?elds f1 and the bottom ?elds f2 of the 24 input 
frames F1, F2, F3, F4, . . . , F24. That is, the new frame F3‘ 
is generated from the top ?eld f1 of the frame F2 and the 
bottom ?eld f2 of the frame F3, and the new frame F4‘ is 
generated from the top ?eld f1 of the frame F3 and the 
bottom ?eld f2 of the frame F4. 

Likewise, if new frames are generated from adjacent 
frames where autocorrelation is high, 24 frames are con 
verted into 30 frames. 

The conventional frame rate converting method used to 
convert a frame rate using cross type ?eld repetition gener 
ates discontinuity in a picture (commonly, called a motion 
judder effect) due to simple ?eld repetition. For example, if 
there is an object ?ying from the right to the left in a picture, 
the motion of the object is inconveniently displayed due to 
discontinuous portions. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, a frame 
rate converting method suitable to minimiZe a motion judder 
effect due to simple frame repetition by converting a frame 
rate using time shifting and motion compensation and an 
apparatus therefor are provided. 
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2 
According to an aspect of the present invention, there is 

provided a frame rate converting method including calcu 
lating an average motion vector magnitude between every 
two adjacent frames among a predetermined number of 
input frames, determining a frame section corresponding to 
a maximum value among the average motion vector mag 
nitudes calculated between every two adjacent frames, and 
generating a new frame by performing motion compensa 
tion, to which a predetermined proportion is applied, in the 
frame section having the maximum motion vector. 

According to another aspect of the present invention, 
there is provided a frame rate converting apparatus including 
a frame buffer, which stores a predetermined number of 
frames of an input video stream; a maximum motion vector 
determining unit, which measures an average motion vector 
magnitude between every two consecutive frames stored in 
the frame buffer and determines a section having a maxi 
mum motion vector among the average motion vectors; a 
frame interpolator, which interpolates by generating a new 
frame on the basis of motion compensation of a predeter 
mined proportion in the frame section having the maximum 
motion vector determined by the maximum motion vector 
determining unit; and a timing controller, which generates a 
timing control signal for sequentially re-combining the 
frame interpolated by the frame interpolator and the frames 
stored in the frame buffer with reference to the maximum 
motion vector frame section determined by the maximum 
motion vector determining unit. 

Additional aspects and/or advantages of the invention will 
be set forth in part in the description which follows and, in 
part, will be obvious from the description, or may be learned 
by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and/or other aspects and advantages of the 
present invention will become more apparent by describing 
in detail exemplary embodiments thereof with reference to 
the attached drawings of which: 

FIG. 1 illustrates a conventional frame rate converting 
method suitable for converting a 24 fps digital image signal 
into a 30 fps digital image signal; 

FIG. 2 is a block diagram of a frame rate converting 
apparatus according to an exemplary embodiment of the 
present invention; 

FIG. 3 is a ?owchart of a frame rate converting method 
according to an exemplary embodiment of the present 
invention; and 

FIGS. 4A through 4C are concept diagrams for illustrating 
the ?owchart of FIG. 3. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Reference will now be made in detail to the embodiments 
of the present invention, examples of which are illustrated in 
the accompanying drawings, wherein like reference numer 
als refer to the like elements throughout. The embodiments 
are described below to explain the present invention by 
referring to the ?gures. 

FIG. 2 is a block diagram of a frame rate converting 
apparatus according to an exemplary embodiment of the 
present invention. Referring to FIG. 2, a ?rst frame buffer 
210 stores a video stream input at a 24 fps rate in 5 frame 
units a0, a1, a2, a3, and a4. 
A maximum motion vector determining unit 220 includes 

a motion vector calculator 222 and a maximum motion 
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section selector 226. The maximum motion vector deter 
mining unit 220 calculates an average motion vector mag 
nitude betWeen every tWo consecutive frames stored in the 
?rst frame buffer 210 and determines a section having a 
maximum motion vector among the average motion vectors. 
That is, the motion vector calculator 222 calculates the 
average motion vector magnitude betWeen every tWo adja 
cent frames among the 5 frames. The maximum motion 
section selector 226 compares average motion vector mag 
nitudes calculated betWeen every tWo adjacent frames and 
selects the frame section having the maximum motion 
vector. 

A frame interpolator 230 generates an interpolation frame 
by applying a predetermined motion compensation propor 
tion betWeen frames received from the ?rst frame buffer 210 
on the basis of the frame section having the maximum 
motion vector determined by the maximum motion vector 
determining unit 220. For example, if the maximum motion 
vector is betWeen the frame a1 and the frame a2, the frame 
interpolator 230 combines a ?rst frame generated by per 
forming motion compensation of the frame a1 by half a 
motion vector in a direction from the frame al to the frame 
a2 and a second frame generated by performing motion 
compensation of the frame a2 by half a motion vector in a 
direction from the frame a2 to the frame a1. At this time, the 
combined frame, obtained by combining the ?rst and second 
frames, is inserted as a neW frame betWeen a frame b1 and 
a frame b3. 

A sWitch unit 240 sequentially combines the neW frame 
generated by the frame interpolator 230 and the 5 frames 
input from the ?rst frame buffer 210 according to a timing 
control signal from a timing controller 260. 

A second frame buffer 250 stores the six frames combined 
by the sWitch unit 240 as b0, b1, b2, b3, b4, and b5 according 
to the timing control signal. 

The timing controller 260 generates the timing control 
signal and provides the timing control signal to the sWitch 
unit 240 so that the frames are sequentially combined With 
reference to the maximum motion vector section determined 
by the maximum motion vector determining unit 220. Also, 
the timing controller 260 generates the timing control signal 
so that the frames b0 through b5 stored in the second frame 
buffer 250 are output at a frame rate of 30 fps. At this time, 
the timing controller 260 performs time shifting so that the 
frames b0 through b5 stored in the second frame buffer 250 
are output With a constant period. 

FIG. 3 is a ?owchart of a frame rate converting method 
according to an exemplary embodiment of the present 
invention. 

Five frames of a video stream input at a rate of 24 fps are 
stored as a0, a1, a2, a3, and a4 in operation 310 in the ?rst 
frame buffer 210. 

Average motion vector magnitudes betWeen each tWo 
adjacent frames among the 5 consecutively input frames are 
calculated in operation 320 by the maximum motion vector 
determining unit 220. For example, as shoWn in FIG. 4a, 
MVl is the average motion vector magnitude betWeen the 
frame a0 and the frame a1, MV2 is the average motion 
vector magnitude betWeen the frame a1 and the frame a2, 
MV3 is the average motion vector magnitude betWeen the 
frame a2 and the frame a3, and MV4 is the average motion 
vector magnitude betWeen the frame a3 and the frame a4. 
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4 
When the average motion vector magnitudes of the frame 

sections are MVl through MV4, a section having a maxi 
mum average motion vector magnitude (MMV) is selected 
using Equation 1 in operation 330. 

MMV:Max(MVl , MV2, MV3 , MV4) Equation 1 

In operation 340, a neW interpolation frame is generated 
by applying motion compensation to the frame section in 
Which the average motion vector magnitude is maximum. 
Referring to FIG. 4B, a frame interpolation process is 
described in detail. If MV2 is the frame section having a 
maximum value, neW frames b0, b1, b3, b4, and b5 are 
generated by simply duplicating existing frames a0, a1, a2, 
a3, and a4. Applying a predetermined motion compensation 
proportion to the existing frames a1 and a2 generates a neW 
frame b2. That is, a ?rst frame Which is generated by 
performing motion compensation of the frame a1 by half a 
motion vector in a direction from the frame al to the frame 
a2, and a second frame, Which is generated by performing 
motion compensation of the frame a2 by half a motion 
vector in a direction from the frame a2 to the frame al are 
combined. At this time, the combined frame is inserted as a 
neW frame b2 betWeen the frame b1 and the frame b3. 
The intervals of the neWly generated frames b0 through 

b5 are temporally irregular as shoWn in FIG. 4C. 
Therefore, rearranged frames c0 through c5 are formed by 

duplicating the frames b0 and b5 as they are and performing 
time shifting for the other frames b1 through b4 in operation 
350. For example, the intervals are made regular by delaying 
or advancing the frames b1 through b4 by predetermined 
times according to the timing controller 260 in the directions 
marked by arroWs as shoWn in FIG. 4C. 

Thus, the video stream input at the 24 fps rate is converted 
into a video stream With a 30 fps rate by applying the time 
shifting and the motion compensation according to an 
embodiment of the present invention. 

This invention can also be embodied as computer read 
able codes on a computer readable recording medium. The 
computer readable recording medium is any data storage 
device that can store data, Which can be thereafter read by 
a computer system. Examples of the computer readable 
recording medium include read-only memory (ROM), ran 
dom-access memory (RAM), CD-ROMs, magnetic tapes, 
hard disks, ?oppy disks, ?ash memories, optical data storage 
devices, and carrier Waves (such as data transmission 
through the Internet). The computer readable recording 
medium can also be distributed over netWork coupled com 
puter systems so that the computer readable code is stored 
and executed in a distributed fashion. 
As described above, according to embodiments of the 

present invention, an artifact due to motion compensation is 
reduced by using motion compensation at the minimum, and 
visual motion judder is reduced by generating a neW frame 
by performing motion compensation in a section in Which a 
motion vector is maximum. 

Although a feW embodiments of the present invention 
have been shoWn and described, it Would be appreciated by 
those skilled in the art that changes may be made in these 
embodiments Without departing from the principles and 
spirit of the invention, the scope of Which is de?ned in the 
claims and their equivalents. 

What is claimed is: 
1. A frame rate converting method, comprising: 
calculating an average motion vector magnitude betWeen 

every tWo adjacent frames among a predetermined 
number of input frames; 
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determining a frame section Within the tWo adjacent 
frames corresponding to a maximum value among the 
average motion vector magnitudes calculated betWeen 
every tWo adjacent frames; and 

generating a neW frame by performing motion compen 
sation, to Which a predetermined proportion is applied, 
in the frame section having the maximum motion 
vector, 

Wherein generating the neW frame comprises: 

6 
7. A frame rate converter, comprising: 
an input buffer Which stores frames at a ?rst frame rate; 
a motion vector determiner Which calculates an average 

motion vector value betWeen adjacent frames in the 
input buffer; 

a frame interpolator Which generates a neW frame based 
on the adjacent frames having a maximum average 
motion vector value; and 

a controller Which sequentially forms the frames and 
calfcrgi?téggofathlgiql?eziiggneeatggen the tWO adjacent 10 places the neW frame betWeen the adjacent frames 

. . ’ . . havin the maximum avera e motion vector value, 
combining a ?rst frame generated by performing motion wherein the Se uemian forged frames and the new 

compensation of one of the tWo adjacent frames by half frame have a $20011 d frZme rate 
a motion vector in a direction toWards the other of the _ _ ’ 
two adjacent frames and a Second frame generated by 15 wherein the frame interpolator generates the neW frame 
performing motion compensation of the other of the by eemelmng one frame of the adlaeent frames havmg 
two adjacent frames by half a motion Vector in a the maximum average motion vector value, and the 
direction toWards the one of the tWo adjacent frames. ether frame of the adJaeent frames havleg the men‘ 

2 The method of Claim 1 further Comprising, mum average motion vector value according to motion 

performing time shifting of at least one of the predeter- 20 eempensatlen by a p_redetermm_ed prepemen’ end 
mined number of frames and the neW frame to form the metleh eempehsatleh Comprises eehlpehsatlhg the 
regular intervals one frame of the adjacent frames by half a motion 

3_ A frame rate Converting apparatus’ Comprising; vector toWard the other of the adjacent frames and 
a frame buffer Which stores a predetermined number of eempehsatthg the Other frame ofthe adj aeeht frames by 

frames of an input Video Stream; 25 the half of the motion vector toWard the one of the 
a maximum motion vector determining unit Which mea- adlaeeht frames 

sures an average motion vector magnitude betWeen 8- A frame rate COnVeI‘Ier, COmpriSingI 
every tWo consecutive frames stored in the frame buffer an input buffer Which stores frames at a ?rst frame rate; 

ahdheterhhhes a heme Seetleh haVlhg a maxhhhm a motion vector determiner Which calculates an average 
metleh Veeter maghltude among the average metleh 30 motion vector value betWeen adjacent frames in the 
vector'magnitudes; ' ~ ' input buffer; 

a frame mterpolator whleh mterpelates by generatmg a a frame interpolator Which generates a neW frame based 
new frame on the basle 01? metlen eempeneatlen ef a on the adjacent frames having a maximum average 
predetermined proportion in the frame section having motion Vector Value. 
the maximum motion vector determined by the maxi- 35 . ’ . 
mum motion Vector determining unit and a controller Which sequentially forms the frames and 

a timing controller Which generates a timing control 5:235 till; l?gxiflr??le atiligeznnitolzoidjsgggr fiillllllis 
signal for sequentially combining the neW frame inter . g ’ 

. wherein the sequentially formed frames and the neW 
polated by the frame interpolator and the frames stored frame have a Second frame rate 
in the frame buffer With reference to the maximum 40 _ ’ _ 
motion Vector frame Section determined by the maXi_ an output buffer Which stores the sequentially formed 
mum motion Vector determining unit frames and the neW frame according to the controller; 

4. The apparatus of claim 3, Wherein the maximum ane _ _ 
motion Vector determining unit Comprises; a switch Which directs the frames and the neW frame from 

a motion vector calculator Which calculates the average 45 the ihPht hhhcer and the frame interpolator, respectively, 
motion Vector magnitude between every two adjacent to the output buffer according to the controller, Where1n 
frames among the predetermined number Of frames; the frames and the neW frame are sequentially formed. 
and 9. The converter of claim 8, Wherein the controller time 

a maximum motion section selector Which compares the shifts the sequentially formed frames and the neW frame 
average motion vector magnitudes calculated by the 50 such that an interval betWeen each frame is constant. 
motion Vector calculatOr between every IWO adjacent 10. The converter of claim 7, Wherein the ?rst frame rate 
frames and determlnes the frame SeCIlOn havlng the is 24 frames per second and the second frame rate is 30 
maximum motion vector. frames per second. 

5' The apparatus of Clahh 3> Wherelh the frathe lhterpo' 11. A method of converting betWeen a ?rst frame rate and 
lator combines a ?rst frame generated by performing motion 55 a Second frame rate’ Comprising; 
compensate“ of one etethe tWe adlaeenefrantes 1n the frame receiving frames of a video stream at a ?rst frame rate; 
section by half a motion vector in a direction toWard the 1 1 t. t. t .tud b tW 
other of the tWo adjacent second frames in the frame section Ca Cu; mg. anfavgrage info Ion “.36 to; te e _ een 
and a second frame generated by performing motion com- eac _p_a1r O a Jaeen rantes m e V1 e0 S ream’ 
pensation of the other of the tWo adjacent frames by half a 60 detenmhmg a maxlmtlm Palr of adlaeent frames eorre' 
motion vector in a direction toWard the one of the tWo Spondmg to? maxlmum Vatue among the Calculated 
adjacent frames_ average motion vector magnitudes; and 

6. The apparatus of claim 3, further comprising: geheliatihg a new frame by Performing metteh eeIhPeh' 
an output frame buffer Which sequentially stores the satloh to each Of the frames Of the maxlhhhh Palr of 

combined neW frame and the frames stored in the frame 65 ad] acent frames; and 
buffer according to the timing control signal generated 
by the timing controller. 

forming a neW video stream of sequential frames by 
inserting the neW frame betWeen the frames of the 
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maximum pair of adjacent frames, wherein the neW amount toward the other of the maximum pair of the 
Video stream has a second frame rate. adjacent frames; and 

12. The method of claim 11, further comprising: compensating the other of the maximum pair of the 
shifting the sequential frames of the neW Video stream adjacent frames by the scaled motion Vector toWard the 

such that the frames are evenly spaced. 5 one of the maximum pair of the adjacent frames. 
13. The method of claim 11, Wherein the generating the 14. The method of claim 13, Wherein the predetermined 

neW frame comprises: amount of the scaled motion Vector is 1/2. 
compensating one of the maximum pair of the adjacent 

frames by a motion Vector scaled by a predetermined * * * * * 


